Many cancers occur from locations of inflammation due to chronic irritation and/or infection. Tumor microenvironment contains various different inflammatory cells and mediators that orchestrate diverse neoplastic processes, including proliferation, survival, adhesion and migration. In parallel, tumor cells have adapted some of the signaling molecules used by inflammatory cells, such as selectins and chemokines as well as their receptors for invasion, extravasation and subsequently metastasis. Expression and/or activation of the majority of these molecules is mediated by the proprotein convertases (PCs); proteases expressed by both tumor cells and inflammatory cells. This review analyzes the potential role of these enzymatic system in inflammation-associated cancer impacting on the malignant and metastatic potential of cancer cells, describing the possible use of PCs as a new anti-inflammatory therapeutic approach to tumor progression and metastasis.
Introduction

Inflammation and neoplasia
Although inflammation is considered as the principal host defense response to tissue damage, ischemia, infectious agents and/or various autoimmune diseases, it is also a major contributor to many diseases. Indeed, inflammation is linked to increased activation and migration/ invasion of circulating immune cells including lymphocytes and macrophages that release inflammatory mediators (cytokines and cyclooxygenase derivatives). The persistent accumulation of these mediators causes various pathologies including obesity, rheumatoid arthritis, diabetes, cardiovascular disease, inflammatory bowel syndrome and cancer [1] [2] [3] .
The implication of inflammation in neoplasia is based on Virchow's hypothesis from the 19th century that proposed sites of chronic inflammation to be the starting point of cancer when tissue injury and/or irritant agents increase cell proliferation [3] . It is now well established that cell proliferation alone does not provoke cancer. However, persistent proliferation of cells with damaged DNA mediated by irritants and inflammatory cells promotes a serious neoplastic risk. During combined tissue injury and inflammation, cell proliferation is enhanced while the tissue regenerates and decreases after the irritant agent is removed or the tissue is repaired. In contrast, proliferating cells that maintain DNA damage continue to proliferate during inflammation facilitating cancer initiation ( Fig. 1 ). It is thus well established that inflammation is linked to increased tumor incidence and it has been long demonstrated that chronic inflammation is correlated with tumor progression and poor prognosis in cancer patients [3] . A number of chronic inflammatory diseases have been revealed to be associated with a variety of cancers (Table 1) and clinical studies; and experimental data were able to link tumor progression to the upregulation of various pro-inflammatory mediators, particularly during cancer progression and early events of metastases [3] [4] [5] [6] . Worldwide, up to 20% of cancer deaths are linked to inflammation and chronic infection [3] [4] [5] [6] [7] [8] [9] [10] . For example, gastric cancer was reported to occur from sites of inflammation induced by Helicobacter pylori infection [7] and hepatocarcinoma to chronic Hepatitis B or C virus infection [8] . Chronic irritation was also reported to promote cancer, such as chronic bronchitis associated with smoking, as a predisposition for lung cancer [9] and inflammatory bowel disease (IBD) that increases the risk of bowel cancer [10] . Furthermore, obesity-related inflammation is involved in various cancers https://doi.org/10.1016/j.canlet.2019. 12 [1] and rheumatoid arthritis is intimately linked to lymphoma development [11] . Therefore, chronically inflamed tissue seems to offer a favorable environment for tumor cells to originate, survive and prosper.
Inflammation during DNA damage and cell transformation
During inflammation, inflammatory cells including neutrophils, eosinophils, lymphocytes, macrophages and others were found to participate actively in the control of the malignant phenotype of tumor cells. Indeed, through the release of various mediators and/or physical interaction, inflammatory cells control tumor cell proliferation, survival and/or invasion. Usually, the initiation of neoplasia is mediated by the occurrence of various irreversible cellular changes that resulted in the induction of increased DNA damage and significant reduction of DNA repair. In the majority of cases, these irreversible modifications persist in normal tissue indefinitely, and only exposure of stressed cells to additional trauma leads to the acquisition of transformed character and ultimately tumor initiation, progression and metastasis ( Fig. 1 ). Such trauma may occur following exposure of cells to stress mediated by chemicals and/or infectious agents or various factors released during chronic inflammation. During these processes, increased epithelial cell proliferation is crucial for the regeneration of damaged tissues. However, the increased accumulation of multiple mutations in cells due to DNA damage, in addition to their proliferative advantage constitutes a crucial step toward cell transformation. Accordingly, the amount of cell loss and the subsequent regeneration have been found to correlate in mouse model of liver cancer to tumor growth [12] . Three main mechanisms were established by which infections can mediate initiation and progression of carcinogenesis. The first mechanism is associated to the ability of infectious agents that become persistent within the host and therefore provokes chronic inflammation. This is frequently accompanied by the formation of reactive nitrogen (RNOS) and oxygen species (ROS) by leukocytes and other cells during inflammation. Repeated tissue damage and regeneration of tissue in the presence of ROS and RNOS that interact with DNA in proliferating cells resulting in continuing genomic alterations, e.g., deletions, point mutations, and/or rearrangements. A good example is the mutation in the P53 gene that was found not only in tumors but also in chronic inflammatory disease such as rheumatoid arthritis. In addition, DNA damage induced by inflammatory cells was reported to be linked to the macrophage migration inhibitory factor (MIF) released by T lymphocyte and macrophages that suppresses p53 transcriptional activity [13] . Chronic repression of p53 regulatory functions in infiltrated tissues can generate a deficient response to DNA damage, thereby amplifying accumulation of oncogenic mutations. As a second mechanism, infectious agents may directly transform cells by inserting oncogenes into the host genome and represses tumor suppressor genes. During the last mechanism, infectious agents may promote immunosuppression (e, g. human immunodeficiency virus (HIV)) and favor cancer initiation. However, virus-associated malignancies are practically rare in infected persons. This likely reflects the requirement of cofactors necessary for tumor promotion. Indeed, the inflammation induced during Rous sarcoma virus infections requires TGF-β and other cytokines produced by the inflammatory cells to mediate tumor development.
Inflammation in infection-mediated cell transformation
There is a growing body of evidence that many malignancies are initiated by infections. Infection can induce cell transformation by inducing chronic inflammation, or directly by inserting active oncogenes into the host genome. It was estimated that close to 15% of malignancies resulted from infections and constitute 2.2 million cases per year [14] . However, although many kinds of infectious agents such as viruses are known to infect humans, only a small portion of infected people will develop cancer [14] ( Table 1 ). These observations suggest the ability of these viruses to induce immune suppression [15] . Indeed, it was reported that chronic viral replication in hepatocytes may alter the levels and the profile of cytokine produced locally. Previously, such a mechanism that affects the cytokine IL-6 and STAT3 was detected downstream of H. pylori in the generation of stomach cancer [16] . In a similar manner, a hepatitis C infection was found to predispose patients to hepatocarcinoma, although the complete molecular mechanism behind this associated risk is unknown [17] . Infection of B lymphocytes by the Epstein-Barr virus induces their continued proliferation and ultimately leads to cell transformation and various cancers [18] .
Proprotein convertases (PCs)
PCs are proteases involved in the proteolytic conversion of various precursor proteins into biologically active or inactive forms by limited proteolysis at one or multiple sites. To date, these enzymes constitute a family of seven known basic amino acid (aa)-specific proteinases (Furin, PC1/3, PC2, PC4, PACE4, PC5/6 and PC7 [19] [20] [21] , as well as the two nonbasic aa-specific convertases (PCSK8, also known as subtilisin/kexin-like isozyme-1(SKI-1) and site-1 protease (S1P) [22] ), and PCSK9 (known as neural apoptosis-regulated convertase-1 (NARC-1) [21]) ( Fig. 2 ). PCs are implicated in the processing of multiple protein precursors, including proteases, cytokines, growth factors, and receptors at recognition sites exhibiting the general motif (K/R)-(X) n -(K/ R)↓, where X is any aa except Cys and n equals 0, 2, 4, or 6 aa. PCSK8 recognizes substrates with the cleavage site(R/K)-X-(L, I, V)-Z ↓, where Z is any aa except Pro, Cys, Glu, and Val [22] . To date, no substrate has been identified for PCSK9. However, this convertase was found to cleave autocatalytically its prosegment at the motif VFAQ↓SIP, with Val at P4 being the most critical residue [23] (Fig. 2 ).
Proprotein convertases in health and diseases
Previously, to determine the physiological importance of PCs, these proteases were disrupted separately using complete or conditional reverse genetic approaches [24] . The varieties of the phenotypes obtained after PC knockout underline the complexity and wide array of the protein precursors that are processed by these enzymes [24] . The information gathered from the available PC null mice revealed that only the absence or dysfunction of Furin, PC5/6 and SKI-1/S1P are lethal at early embryonic stages. Knockout mice of PC1/3 and PC2 genes are viable, despite the manifestation of hormonal and/or neuroendocrine malfunctions. PC4 null mice are 75% viable and some exhibit craniofacial abnormalities. These null mice are infertile or subfertile [24] . Liver-specific Furin null mice are viable with no obvious malformation and liver specific conditional SKI-1/S1P null mice exhibit disorganized lipid and fatty acid homeostasis due to the lack of SREBP-1 and SREBP-2 processing. PCSK9 knockout mice show enhanced cholesterol uptake by liver low-density lipoprotein receptors (LDLRs). Mice with a disrupted PC7 gene (PCSK7) showed learning and memory defects [25] . In addition to their role in the maintenance of cell and tissue homeostasis, the ability of the PCs to activate various protein precursors including growth factors, receptors, adhesion molecules, matrix metalloproteinases, viral glycoproteins and bacterial toxins directly implicated them in various diseases such as obesity, diabetes, atherosclerosis, cancer, and Alzheimer's disease. For example, PCs have been linked to some neurodegenerative disorders via their direct or indirect roles in the production of amyloidogenic peptides following activation of both αand β-secretase zymogens [24, 26] . Similarly, several PCs were associated and/or implicated in arthritis, obesity and type 2 diabetes, and anxiety. Regarding bacterial toxin activation, the three known classes of bacterial toxins were described to be activated by the PCs [20] . Similarly, accumulated studies on various infectious viruses revealed that the cleavage of their glycoprotein precursors envelope by one or more PC is a required step for the acquisition of the infectious capacity of viral particles. These include the HIV-1 gp160 and surface glycoproteins of Hong Kong, Ebola virus, and the severe acute respiratory syndrome coronavirus. Other studies revealed that the inhibition of processing of these viral surface glycoproteins abrogated the virus-induced cellular cytopathicity [20] .
The involvement of several PCs in tumorigenesis has been extensively reviewed [27] [28] [29] [30] . Indeed, there is growing evidence for the implication of some of these proteases in various processes involved in tumor progression and metastasis. They include angiogenesis, immune responses and cell proliferation, migration/invasion and adhesion ( Fig. 3) . Previously, various studies revealed that the enhanced or reduced processing of several substrates of the PCs affect the malignant phenotypes and the metastatic potential of tumor cells. Overexpression of Furin was found to enhance tumor growth and aggressiveness of tumor cells [31] . On the other hand, while inhibition of PCs activity in several tumor cells using the general PC inhibitor (α1-PDX) was found to abrogate their malignant phenotype and reduce their ability to induce tumor progression, angiogenesis and metastases formation in mice [19, [32] [33] [34] [35] [36] [37] , the inhibition of the PCs in other cancer cells exacerbated their malignant phenotype [30, 38] . These effects were associated with the inhibition of the processing of several molecules involved in the malignant phenotypes of tumor cells and tumorigenesis such as metalloproteases (MT1-MMP, MMP11/Str3), adhesion molecules (integrins, cadherins), cytokines (TGF family), growth factors (PDGFs, VEGF-C, VEGF-D, IGF-1), and growth factor receptors (IGF-1 receptor) [30, [37] [38] [39] (Fig. 4 ). The expression of several PCs was examined in a variety of cancers [19, 37] . In some cases, expression of a number of PCs correlated with metastatic potential of cancer cells and aggressiveness. Amongst all PCs, Furin has been the most studied in the context of tumor growth and progression and found expressed in all the analyzed human cancers. Other studies revealed that PACE4 was also increased in prostate cancer [40] .
The clinical relevance of proprotein convertases in inflammationrelated malignancies
Elevated expression of different PCs was reported for a range of human cancers [19] . However, the relative importance of each PC in these cancers has not yet been clarified. The majority of these cancers are directly or indirectly linked to inflammation. Table 1 summarizes the results of various studies on the implication of the PCs in these human cancers. Initial studies revealed a high Furin expression in lung tumors [19] . Subsequently altered furin and PACE4 expression was confirmed in other inflammation-related malignancies such as colorectal, liver, ovarian and prostate cancers ( Table 1) . Based on these studies the expression of these PCs in tumors may constitute a significant prognostic factor independent of other conventional clinicopathological ones. Indeed, the ability of furin and PACE4 in promoting the activation of molecules involved in inflammation-related cancers suggested that the repression of these convertases could be employed at the clinical sitting. Silencing of Furin was recently employed to inhibit the activity of the immunosuppressive cytokine TGFβ1 using an autologous tumor-based strategy consisting of a plasmid that encodes granulocyte-macrophage colony-stimulating factor (GMCSF) and Furin shRNA. This vaccine was found to be efficient and safe during phase I and II clinical trials in patients with Ewing sarcoma, hepatocellular carcinoma and ovarian cancer; all inflammation-related cancers [41] .
Cross-talk between proprotein convertases and inflammatory mediators
The regulation of PCs expression in a context of inflammation is not fully investigated. Previously, Furin gene activation was reported to be regulated by three distinct promoters, namely P1, P1A, and P1B. Only P1 promoter was revealed to bear inducible gene features, whereas P1A and P1B promoters were found to contain several Sp1-binding sites [42] . The induction of PCs expression is mediated by various cytokines such as TGF-β [43] and growth factors (e.g. PDGF) [44] . Interestingly, the majority of these mediators are well-characterized PCs substrates and have been shown to play a role in several aspects of inflammation, immune response and/or malignant transformation (Fig. 4) . The bestestablished link between chronic inflammation and cancer is seen in colorectal cancer that develops in patients with IBD (e.g., ulcerative colitis). These patients have up to a seven-fold increased risk of developing colorectal cancer [45] . The implication of PCs in the generation of an enzyme/substrate amplification loop may lead to increase active inflammatory mediators and subsequently sustained inflammation contributing to malignancy ( Fig. 4) . Interestingly, the expression of several PCs, particularly Furin, was found to be altered in these patients [37] . Therapeutic strategies for the treatment or prevention of IBD aim to reduce the endogenous levels of TNF-α, which is a key pathophysiologic element of the disease [46] and involves the PCs in its full activity like other inflammatory mediators.
Proprotein convertase substrates and inflammation
Tumor necrosis factor superfamily (TNFSF)
The members of TNFSF are involved in the coordination of various immune and inflammatory responses [47] . Numerous studies reported their direct implication in various diseases, such as impaired immune response, septic shock, lymphoproliferation, atherosclerosis, cancer and bone and immunoinflammatory diseases [47] . Most members of the TNFSF are synthesized as type II transmembrane proteins and share a common structural motif, the TNF homology domain (THD), that mediates receptor binding [47] . The extracellular domain can be cleaved in order to generate soluble cytokines. This cleavage was found to be directly or indirectly coordinated by PCs. Many TNFSF cytokines, including TNF, FasL, TRAIL and TWEAK activate the NF-κB family of transcription factors. Interestingly, Furin expression was reported to be also induced by NF-κB activation [48] , suggesting the existence of a potential Furin/TNFSF loop that use NF-κB activation for its amplification. 
TNF-α
Produced by activated macrophages and pro-inflammatory T cells, TNF-α is also a pleiotropic cytokine that regulates multiple cellular functions including promotion of cell proliferation and migration, and/ or differentiation [47] . TNF-α was found to stimulate both pro-and anti-apoptotic signals in tumor cells, endothelial cells, macrophages and most other cells within the tumor microenvironment. Like IL-1, TNF-α is an essential effector cytokine required for the initiation and maintenance of chronic inflammation and was considered as a good target for the treatment of various inflammatory diseases, including atherosclerosis, cardiovascular dysfunction and ischemia-reperfusion injuries. Indeed, the clinical importance and relevance of TNF-α is well demonstrated in the accomplishment of the anti-TNF-α therapies in inflammatory diseases [47] . In addition, TNF-α also induces apoptosis of activated T cells that infiltrate tumors, and therefore may affect the immune surveillance within the tumor. However, although the pro-apoptotic effects of TNF-α offer promise for point the interest in its therapeutic utility, it requires higher doses than therapeutically feasible [49] . In addition, most in vivo and clinical studies dealing with TNF-α function have revealed its pro-neoplastic functions rather than its proapoptotic effect on tumor cells. Indeed, following TNF-α release by inflammatory and tumor cells, the latter seemed to promote tumor survival via the induction of various antiapoptotic molecules expression regulated by NF-κB activation. The direct implication of TNFα in tumorigenesis was previously confirmed by the use of TNF-α-deficient mice or mice treated with anti-TNF-α antibodies. The latter were found to be highly protected against chemical induction of skin papillomas [50] . In addition, TNF-α was described to potentially participate in malignant transformation through its ability to induce the production of various reactive oxygen species [51] . Accordingly, abnormal presence of higher concentrations of TNF-α in cancer patients correlated with worse prognosis [52] . TNF-α signals through activation of two receptors, TNFR1 and TNFR2 [47] . TNFR1 is expressed in a wide range of cells and tissues and can be activated by soluble TNF-α, whereas TNFR2 exhibits highly restricted tissue distribution and has high affinity for membrane-associated TNF. Following its production as a protein precursor, TNF-α remains attached to the membrane and is released as a soluble active form only after its processing by the TNF-αconverting enzyme (TACE, ADAM17) [53] . The activation of TACE is mediated by Furin between the prodomain and the metalloproteinase domain [54] . In addition, TNF-α was reported to induce Furin activation that was abrogated by breeding A (Fig. 4) , an inhibitor of ER-Golgi transport and monensin, that blocks Golgi-cell surface vesicular transport. These studies suggest that the Furin activation by TNF occurs during its transport from the trans-Golgi network (TGN) to the cell surface. Although the link between the TNF-α receptor and Furin activation is not well known, previous studies suggested the possible involvement of oxidative stress in these processes [55] (Fig. 4 ).
TNF-like weak inducer of apoptosis (TWEAK)
As a member of the TNF family, TWEAK is a multifunctional cytokine that acts via binding to a cell surface receptor named fibroblast growth factor-inducible 14 or Fn14. TWEAK was initially described as a proapoptotic factor for various tumor cell lines [56] , but subsequent studies revealed that it can induce many other cellular responses, including cell proliferation, survival and differentiation. This cytokine has been studied in critical biological processes, including embryonic development, organogenesis, tissue repair and immune responses. It was also linked to the pathogenesis of ischemic stroke and several chronic inflammatory diseases, including rheumatoid arthritis, and inflammatory bowel disease. Produced as a precursor, the full-length TWEAK is processed intracellularly by Furin (Fig. 4) . Membrane-anchored TWEAK can bind the Fn14 receptor on neighboring cells and activate the NF-κB signaling pathway, suggesting that membrane-anchored TWEAK can act in a juxtacrine manner to initiate cellular responses. In addition, TWEAK was found to form a cell surface fusion protein with APRIL called TWE-PRIL. The formation of this complex occurred just after the processing of APRIL by Furin [57] .
Transforming growth factor-β (TGF−β)
TGF-β exerts effects on most cell types; thereby this pleiotropic cytokine has the ability to simultaneously control immunological and non-immunological processes. Indeed, TGF-β was previously reported as a key regulator of cancer progression, inflammation, and immunosuppression processes. In addition, TGF-β was found to be released not only by a variety of tumor cells but also by normal cells (macrophages and platelets and T cells). Through its ability to regulate the function of these cells and other cells such as fibroblasts and endothelial cells, this cytokine is able to create an inflammatory milieu similar to chronic inflammation typical of various diseases including cancer. TGF-β contributes to inflammation induced by tumor mediators by facilitating tissue remodeling and local suppression of antigen-specific CD8 + T-cell function. In addition, TGF-β1 was found to increase hypoxia-inducible factor-1 (HIF-1α) levels by modulating HIF-1α protein half-life through inhibition of PHD2 expression that impact on inflammation and/or tumor progression. This process enhances the expression of various genes implicated in angiogenesis, cell invasion, and chemotaxis as well as cell growth and survival [58] . Early in cancer development and premalignant lesions, TGF-β was reported to play a tumor suppressive function due to its negative effect on tumor cell growth. Previously, it was reported that genetic deletion of the TGF-β receptor in mouse models of human cancer led to increased tumor incidence and progression [59] . Similarly, numerous clinical studies have demonstrated that a higher level of TGF-β1 expression is significantly associated with an invasive phenotype of tumors in patients. In vitro, high levels of TGF-β1 are only produced by poorly differentiated tumor cells and reduced levels were detected in well-differentiated cells. TGF-β activates a heterodimeric receptor pair of TGF-β receptors I and II. The interaction of TGF-β with its receptor induces the phosphorylation of the transcription factors Smad2 and Smad3 that mediate their translocation to the nucleus and subsequently initiation of transcription [60] . Like the majority of PCs substrates, TGF-β is synthesized as an inactive precursor (proTGF-β) protein (Fig. 4) . This precursor contains a prodomain sequence known as the latency associated peptide or LAP and the mature peptide. Following synthesis, two proTGF-β precursor molecules dimerized via disulfide bonds prior their cleavage by the PCs. This cleavage occurs between LAP and the mature peptide that remains as a noncovalently associated complex. The cleavage/maturation process occurs in the Golgi apparatus and/or ECM and is necessary for generation of the bioactive mature TGF-β ligand, which can then bind TGF-β receptors to trigger downstream pathways [61, 62] . CD109, a glycosylphosphatidylinositol (GPI)-anchored glycoprotein upregulated in various tumor cells, was found to negatively regulate TGF-β functions directly by modulating receptor activity. CD109 was found to be processed by Furin [63] . Produced as a 205 kDa glycoprotein, CD109 is processed in the Golgi apparatus into 180 kDa and 25 kDa proteins. The two parts remain associated with GPI-anchor on the cell surface and the 180 kDa form is secreted into the culture medium. Further studies have revealed that the processing of CD109 into 180 kDa and 25 kDa proteins by Furin, followed by complex formation with the TGF-β receptor is required for TGF-β signaling in cancer cells [63] .
B-cell activating factor (BAFF, or BLyS, THANK, ALL-1, zTNF-4)
BAFF has been shown to be important for maintenance of peripheral B-cell homeostasis and enhancing antigen-specific humoral immunity, by inducing peripheral B-cell survival, proliferation and Ig secretion [64] . Furthermore, other studies have reported that elevated levels of BAFF and its receptors may be involved in the pathogenesis of B-cellmediated autoimmune diseases, such as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), Sjögren's syndrome (SS) and probably other diseases [65] . These studies suggest the potential use of BAFF in the activation of immune system and improvement of immunity under other circumstances. BAFF is processed by Furin at the cell surface [66] , and is able to perform its function only as a soluble factor. Interestingly, Furin expression was found to be linked to soluble BAFF release [67] . Indeed, Furin expression was revealed to be regulated by JNK and p38 signaling pathways [68] that was suggested to mediate intracellular processing of membrane-bound BAFF to soluble BAFF by regulating Furin-like protease expression ( Fig. 4 ).
A proliferation-inducing ligand (April, or TALL-2, TRDL-1, TNFSF-13a)
Like Baff, this cytokine is also involved in autoimmunity and considered as an important regulator of the immune system. In contrast to BAFF and other TNF family members, the precursor form of APRIL is cleaved in the Golgi by Furin following its synthesis and exists only as a secreted soluble ligand [69] (Fig. 4 ). In addition, although both APRIL and BAFF are found in various immune system cells such as monocytes, dendritic cells, macrophages and T cells, APRIL is also expressed by tumor cells.
Chemokines
Initially, the chemokines were identified as soluble factors involved in the migration of leukocytes during inflammation. To date, more than 50 chemokines are known to control the function of leukocytes and other cell types and affect the majority of tumor cells [70] . Indeed, various studies revealed that chemokine-receptor system is altered considerably in various tumor tissues. In addition to their role in regulating leukocyte recruitment, chemokines were found to directly control stromal and tumor cell behavior. The complexity of this system is not only controlled at the transcriptional level, but also involves posttranslational modifications, including processing by Furin-like proteases [70, 71] . Indeed, Furin was found to mediate the cleavage of the chemokine CXCL10 (also known as Interferon gamma-induced protein 10; IP-10) followed by its trimming by a basic amino acid-specific carboxypeptidase [72] . The use of the Furin inhibitor decanoyl-RVKRchloromethylketone was found to block this process, suggesting the requirement of Furin for the initiation of this proteolytic cascade, important for the mediation of optimal activation of its receptor CXCR3 [73] . Cleavage of CXCL10 by basic amino acid-specific carboxypeptidase was suggested to mediate biological functions not usually induced by the uncleaved CXCL10, such its ability to mediate biological responses normally induced by CXCL12 (stromal cell-derived factor-1; SDF-1). CXCL12 activates CXCR4 after its cleavage by MMP-2 and mediates the highly neurotoxic effect [74] . Recently, various chemokines were found to be sensitive to cleavage by several MMPs at their Nterminal region. Indeed, CXCL8 (IL-8) cleavage by MMP-9 was found to potentiate its activity [75] . In contrast, the cleavage of CCL7 by MMP-9 and CXCL12 by MMP-2 negatively affect their activity [76] . Other proteases such as cathepsins [77] , urokinase plasminogen activator, and plasmin [78] were found also to be involved in the processing of chemokines. The expression and/or the activity of these proteases were previously reported to be regulated directly or indirectly by PCs [19] ( Fig. 4 ).
Hepcidin
Mainly expressed in the liver, the peptide hepcidin is a major regulator of systemic iron homeostasis. In septic patients, the degree of inflammation, indicated by IL-6 levels, was found to be associated with elevated concentrations of hepcidin [79] . Similarly, urine analyses of patients with severe inflammatory diseases or chronic infections have shown up to 100-fold increases in hepcidin levels; that cause iron sequestration in macrophages and decreases the absorption of iron from the small intestine, thereby causing anemia [80] . Similarly, resection of a hepcidin-producing hepatic adenoma in a patient suffering from refractory anemia leads to spontaneously reduction of anemia. Hepcidin expression was reported to be altered in various cancers [81] . This therefore suggests that hepcidin expression in a tumor cell microenvironment may initiate and/or accentuate tumorigenesis. Using in vitro and in vivo assays Furin and other PCs were found to be implicated in the proteolytic processing of the hepcidin precursor ( Fig. 4) . Mutation of the hepcidin precursor at the Furin cleavage site completely abolishes processing. Following ferroportin binding to hepcidin, ferroportin is internalized and degraded, leading to decreased export of cellular iron. The blockade of hepcidin precursor processing inhibits the hepcidin effect on ferroportin degradation [82] . Previously, studies on in vivo iron homeostasis revealed that the expression of hepcidin in the liver is positively regulated by HJV, TfR2, HFE and BMP. Most of the BMP tested, including BMP2, 4, 5, 6 and 9, were reported to be strong inducers of hepcidin [81, 83, 84] . Interestingly, Furin acts also on the maturation of these BMPs, and on other class of TGF-β molecules [19] . In the hepatic hepcidin producing HepG2 cells, Furin is also regulated by TGF-β1 through a mechanism that involves a cross-talk between Erk1/2 MAPK and SMAD2/3 pathways [85] . Similarly, the silencing of HFE and TfR2 was found to reduce both Erk phosphorylation and Furin expression. The relationship between TfR2 activity and Furin may be relevant in the regulation of hepcidin expression, since Furin has already been shown to act as a regulator of hepcidin expression and to be modulated by HIF-α in an iron-dependent manner [68] . The activity of HJV is regulated by a complex post-translational program. Its level is proteolytically controlled by matriptase-2, while its secretion and processing into soluble form is regulated by the activity of Furin [68] . Thus, the effect of Furin on hepcidin expression may be complex, resulting in activation or inhibition depending on the conditions.
Furin inducers and inflammation
Leukotriene D4 (LTD 4 ): Mediated by the Cysteinyl leukotriene receptor 1 (CysLT1), LTD 4 induces the expression of Furin following the activation of P1 promoter [48] .
Osteopontin (OPN): This extracellular matrix-associated cytokine was found to induce CD44-mediated p38 phosphorylation that induces NF-κB activation and NF-κB-dependent expression of Furin [86] .
Platelet-activating factor (PAF): Known as a potent bioactive lipid mediator that accumulates rapidly after an injury, PAF was found to significantly stimulate the induction of Furin expression. This factor increases the transcriptional activator AP-1-responsive elements c-fos and c-jun.
Interleukin 12 (Il-12): Produced by monocytes, macrophages and dendritic cells, IL-12 is involved in the regulation of T-cell activation and differentiation during inflammation, in response to infection and during autoimmune diseases [87] . IL-12 is therefore generally considered to promote antitumor effects, and cancer patients have been treated with recombinant IL-12 in several clinical studies. Furin was found to be preferentially expressed in differentiated Th1 cells in a Stat4-dependant manner. Expression of Furin enhanced IFN-γ secretion, whereas inhibition of Furin blocks its production, suggesting that IL-12 induction of Furin might represent a new aspect of IFN-γ regulation and control of Th1 differentiation [88] .
External conditions that enhance Furin activity
Hypoxia. Hypoxia is a metabolical condition, which enhances tumorigenesis, mostly due to its impact on gene expression of pro-angiogenic factors and invasion-related mediators, some of which are natural substrates for Furin. Analysis of Furin promoters revealed the presence of putative binding sites for HIF-1α, a transcription factor that plays a pivotal role in cellular adaptation to hypoxia. Indeed, Furin is remarkably increased upon hypoxic conditions [89] . Previously, induction of Furin by HIF-1 was found to correlate with an increased proteolytic activation of various Furin substrates such as MT1-MMP and TGF-β1, suggesting the existence of another mechanism used by hypoxia to induce tumorigenesis, through enhanced Furin-induced proteolytic processing of precursor proteins known to be involved in the acquisition of the malignant phenotype by tumor cells [89, 90] .
Ultraviolet radiation. Ultraviolet radiation (UVR) that reaches the earth's surface consists mainly (90-95%) of UVA, along with lower (5-10%) levels of UVB [91] . It is well recognized that exposure to high doses of UVR causes cellular and molecular damage, resulting in immunosuppression and increased frequency of mutations [91] . Previously, Furin expression was reported to be induced by UVR [92] . This induction is associated with the induction of TNF-α and other cytokines involved in the activation of stress-inflammation signal transduction pathways such as p38, JNK and ERK. Indeed, UVR has been shown to be a potent inducer of TNF-α gene expression in keratinocytes [93] . When released from irradiated keratinocytes, TNF-α stimulates the migration of Langerhans cells to the lymph nodes as well as the release of other molecules that interfere with the functioning of these cells, thereby mediating an impaired immune response in the skin [94] . TNF-α is released from the surface of the keratinocytes as a mature protein by the action of the metalloproteinase TNF-α-converting enzyme (TACE), also known as ADAM-17 [95] . TACE in turn is cleaved from its preproform by the action of Furin [54, 96] . Thereby, UV radiation seems to induce the expression of stress-inflammation signal molecules and their activating proteases including Furin. UVR can also increase FasL expression and release from keratinocytes, which may also result in the suppression of the host's immunity. Soluble FasL is cleaved from membrane FasL by the action of the metalloproteinase matrilysin (MMP-7) [97] .
Proprotein convertases in intercellular communication leading to inflammation and tumor progression
The tumor microenvironment (TME) is a complex system including tumor cells, epithelial cells and stromal cells composed of immune cells, fibroblasts, endothelial cells, adipocytes, the extracellular matrix and others [34] . Intercellular communication between cancer cells and these cells plays a central role in inflammation and tumor development. Tumors surround infiltrates of immune cells and stromal cells that can either support or inhibit tumor growth and progression, depending on the secreted cytokine/chemokine within that TME and their outcome on cell activation status. Indeed, tumor cells that interact with the surrounding stroma, energetically modify the microenvironment following exchange information, and thus creating a microenvironment favorable to various events such as tumor angiogenesis, proliferation and metastasis [33, 35, 36] . TME characterized by relatively low pH [35, 46] and chronic inflammatory state [47] and always deficient in nutrients and oxygen [45] . Tumor cells use this relatively "unsympathetic" environment to mediate various processes that are related to their progression [8, 13, 48] . For example, hypoxia caused by oxygen deficiency that induces angiogenesis, and signal pathways activated by chronic inflammation, such as matrix metalloproteinase (MMP). Growth factors and tumor necrosis factor (TNF) pathways, are some of these processes involved in the regulation of tumor growth and metastasis. Cytokine-mediated communication between the tumor and the TME can also occur via angiogenesis signaling. Indeed, lymphatic vessel density, VEGF-D and VEGF-D expression, and E-cadherin expression were reported to be higher in inflammation related-tumors. TME-secreted VEGFD was shown to promote downstream TGFβ and E-cadherin signaling in cancer cells, resulting in increased cancer cell invasion into the lymphovascular system. The activity and/or the expression of the majority of these mediators involved in tumor and the TME communication are regulated by the proprotein convertases [19, [32] [33] [34] [35] [36] [37] . These include cytokines, angiogenic factors (VEGF-C, VEGF-D), matrix metalloproteinase and adhesion molecules (Integrins, cadherins, selectins, immunoglobulins) ( Fig. 4) . The inhibition of their maturation by PC inhibitors was found to affect their function in vitro and within the TME. Indeed, PC inhibitors were reported to repress growth factors and receptors maturation and activity, cytokines (Il-1, TNF) production and vascular and lymphatic vessel density. Similarly, recent studies have revealed that PCs also play a crucial role in the intercellular communication between tumor cells and the immune system that plays a critically important role in proliferation, survival, invasion and metastasis of tumor cells. PCs repression was found to reduce T cell exhaustion and immune escape of cancer cells [9] . Further studies revealed that these processes were linked to PC substrates blockade such as Notch receptor [9] . Furthermore, following inflammatory stimulus, the latter interacts first with cell surface through the proteoglycan layer that includes different classes of adhesion molecules directly connected the ECM [2] . The adhesion capacity and/or the expression of these adhesion molecules are also regulated by the PCs, suggesting the direct participation of the PCs in the initial and late interaction of targeted cells with pathogenic stimulus. Thereby, these studies directly link PC activity to intercellular communication during inflammation-related cancer initiation and progression.
Proprotein convertases in inflammation-induced angiogenesis
The angiogenic process involves numerous cell types and mediators that interact to create the particular microenvironment appropriate for the formation of new capillaries. Angiogenesis is a complex process controlled by the involvement of different proangiogenic and antiangiogenic factors. For new blood vessel growth, the balance between these factors is altered in favor of proangiogenic factors, either by their upregulation or downregulation of molecules negatively affecting angiogenesis. Many of the proangiogenic factors are well-established PC substrates, such as VEGF-C, VEGF-D, PDGFs and IGFs (Fig. 4) . The cleavage of these substrates by Furin-like enzymes was found to be crucial for the mediation of their functions in vitro and during tumor angiogenesis [19, [32] [33] [34] [35] [36] [37] . Inhibition of Furin-like enzymatic activity in tumor cells expressing the general PCs inhibitor α1-PDX, reduces the ability of these tumor cells to form vascularized tumors in mice [32] [33] [34] . Macrophages, T lymphocytes and neutrophils, actively participate in the angiogenic process by secreting cytokines that affect endothelial cells functions, including their proliferation and migration. Previously, IL-1 and TNF-α, were found to have proangiogenic activity in physiological and pathological angiogenesis. IL-1 family consists of pleiotropic proinflammatory and immunoregulatory cytokines, namely, IL-1alpha and IL-1beta, and one antagonistic protein, IL-1 receptor antagonist (IL-1Rα) that represents a physiological inhibitor of preformed IL-1, which binds to IL-1 receptors without transmitting an activating signal. The activity of IL-1 and TNF-α is regulated by PCs and in vitro and in vivo analyses revealed that expression of the PC inhibitors in tumor cells reduced their ability to secrete these cytokines [32] .
Proprotein convertases in inflammation-related metastasis
Cancer metastasis is a dynamic process involving multiple interactions between the disseminating cancer cells and their rapidly changing microenvironment. To date, the implication of tumor cells in the mediation of inflammation during colonization is well established. Indeed, the interaction of tumor cells with their newly acquired microenvironment induces the invading tumor cells to produce various cytokines and chemokines. The latter not only attract diverse leukocyte populations but also activate the endothelium of the invaded area, a crucial step for the establishment of metastases. The expression of these molecules significantly enhances the metastatic potential of tumor cells [4] [5] [6] . The arrest of metastatic tumor cells in hepatic circulation induces a variety of cytokines such as IL-1 and TNF-α, that in turn, induce the expression of a variety of adhesion molecules on endothelial cells including members of the selectin family [4] [5] [6] . These adhesion molecules facilitate tumor cell adhesion, a decisive step for liver colonization and metastasis [4] [5] [6] . Other studies have demonstrated that Kupffer cells are the major source of TNF-α in tumor cell inoculated livers. Comparative studies between high-and low-or non-metastatic cancer cells revealed that only the arrest of highly metastatic ones was found to cause this cascade of events and subsequently metastases formation in the liver.
In addition to the impact of these local inflammatory changes in the tumor microenvironment induced by the arrest of tumor cells in the invaded area, systemic inflammation was also reported to influence the adhesion of tumor cells to the endothelium of distant organs. Recently, several clinical observations have raised the possibility that inflammatory consequences resulting from postsurgical complications may influence cancer recurrence. Indeed, although surgical interventions remain the main potentially curative option, the latter is associated with surgical trauma resulting in significant cytokine accumulation and systemic inflammation [98] .
The factors that regulate the host inflammatory response to tumor cells are only partially known. Several studies suggest that tumor cells produce soluble mediators that can directly promote cytokine release that induces the expression of adhesion molecules such as E-selectin by activated endothelial cells. Using in vitro assays, we found that medium derived from metastatic colon cancer cells is able to trigger TNF-α production by macrophages [4] [5] [6] , suggesting that the ability of these tumors to induce a host inflammatory response in vivo is due, at least in part, to tumor-derived soluble factors. Similarly, activation of endothelial cells by media derived from tumor cells increases adhesion of tumor cells to activated endothelial cells. Various cytokines produced during inflammation induced by tumor cells such TNF-α can also inhibit tumor growth through their cytocidal and proapoptotic activities. However, the ultimate effect of TNF-α was found to depend on its concentrations, on tumor cell susceptibility, and on the stage of the disease [99] . Analysis of various colon carcinoma cell lines compared to normal colon tissue reveals their ability to secrete cytokines such as IL-1, IL-6, and TNF-α. Other mediators produced by tumor cells including growth factors such IGF-1 and VEGF were also found to be involved in the induction of E-selectin and participate in tumor cell survival and growth. Previously, the expression and/or activity of the majority of these proteins are directly or indirectly controlled by Furin-like protease activity [19] . Indeed, the suppression of PCs activity by the general PCs inhibitor α1-PDX in metastatic colon carcinoma cells attenuated significantly their ability to induce E-selectin expression and colon cancer cell adhesion on endothelial cells [32] . These studies underline the importance of PCs in the generation of active soluble molecules responsible for the induction of E-selectin, a finding that could probably be expanded to other adhesion molecules. Conditioned media derived from tumor cells expressing α1-PDX had reduced levels of TNFα and IL-1α. Accordingly, inoculation of colon cancer cells expressing α1-PDX into hepatic circulation failed to induce significantly hepatic TNF-α and E-selectin, accompanied by reduced metastasis formation in the liver [32] . These studies indicate that PCs contribute to metastasis by enhancing the levels of active molecules involved in the first step of liver colonization by tumor cells. Following their adhesion on liver endothelial cells, the survival and growth of metastatic tumor cells requires the availability of various autocrine/paracrine growth-promoting factors and their receptors. Analysis of some of these factors revealed that their expression and/or activity are also regulated by PCs. For example, the Furin substrate IGF-1 and its receptor IGF-1R ( Fig. 4 ) were reported to affect tumor metastasis through anti-apoptotic and pro-angiogenic activity as well as the regulation of tumor cell proliferation [32] and tumor-induced inflammatory response. The latter is achieved by suppressing the production of the secretory leukocyte protease inhibitor, an anti-inflammatory modulator [100] . This mediator was identified as an inhibitor of liver metastasis due to its ability to suppress the tumor cell-induced host proinflammatory response during the early stages of liver colonization. Inhibition of secretory leukocyte protease inhibitor production by IGF-1 allows TNF-α accumulation that initiates the molecular cascade required for metastasis formation [100] . Thereby, the inhibition of IGF-1R processing in tumor cells may also affect IGF-1 function, leading to reduced ability of tumor cells to induce cytokine and adhesion molecules cascades required for metastasis formation.
Conclusions and future directions
Cancer-related inflammation is a substantial healthcare issue and an important challenge regarding the elucidation of the basic mechanisms of inflammation-induced tumorigenesis. Mainly because the pathogenesis of inflammation-related cancer initiation and progression is partly known and only reduced therapeutic approaches for the treatment of cancers that arise in the setting of prolonged inflammation. As reviewed here, we mentioned a variety of chronic inflammatory conditions and infections that are directly or indirectly responsible for various types of cancer. We highlighted the importance of protein maturation in an increasing number of cellular pathways mediating cancers and metastasis that occur in the setting of chronic inflammation. In particular, we reviewed current knowledge implicating the activation of various inflammatory mediators by the PCs, including cytokines, growth factors/their receptors, adhesion molecules and MMPs as central regulators in inflammation-associated cancer (Fig. 4) .
To date, although much information is available about what the PCs activate and what promotes inflammation-associated cancer, a number of crucial puzzle pieces are missing regarding PC substrates involvement in inflammation and the role of each PC in these processes remains to be elucidated. In this regard, future in vivo studies utilizing small molecules targeting PC activity or murine transgenic approaches will be necessary to advance our understanding of the field. Strategies aimed at regulating PCs activity may prove beneficial in reducing malignant transformation after exposure to irritant agents or infection, and host mutations that result in inflammation-associated cancer. Importantly, the significance of these investigations is that they may provide the molecular rationale for developing urgently needed and novel strategies for cancer prevention and treatment.
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